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AERODYNAMIC CHARACTERISTICS OF LENTICULAR 

AND ELLIFTIC SHAPED CONFIGURATIONS 

AT A MACH NUMBER OF 6 

By J. Wayne Keyes 
Langley Research Center 

Force and moment data were obtained for two groups of lifting reentry 
configurations. 
and the other group consisted of five three-dimensional ellipsoid configura- 
tions. The thickness-chord ratio varied from 0.3 to 0.9 for both groups. 

One group consisted of five elliptic-lenticular configurations 

The results of the investigation indicate that in general all of the con- 
figurations were statically unstable at angles of attack near Oo with the cen- 
ter of gravity at 50 percent of the maximum chord. A forward movement of the 
center of gravity to h-0-percent chord results in a stable condition at Oo for 
thickness-chord ratios greater than about 0.72 for the elliptic-lenticular con- 
figurations and about 0.77 for the three-dimensional ellipsoid configurations. 
A l l  of the configurations are stable near 90' angle of attack for both center- 
of-gravity locations. However, the configurations are less stable with 
increasing thickness-chord ratio. 

In general, the three-dimensional ellipsoid configurations have a higher 
maximum lift coefficient for either a given maxi" lift-drag ratio or for a 
given thickness ratio. From the standpoint of useful volume, the elliptic- 
lenticular configurations are slightly more efficient in that they have a 
higher maximum lift-drag ratio for a given volume. 

In general, values obtained by use of modified Newtonian theory give a 
good indication of the trend of the experimental data for the elliptic- 
lenticular configurations. 

INTRODUCTION 

Among the investigations being made by the National Aeronautics and Space 
Administration are studies of spacecraft configurations that have the capabil- 
ity of reentering the earth's atmosphere at near-escape speed and of maneu- 
vering and landing at preselected sites. Such a vehicle would probably enter 
the atmosphere at a high angle of attack (near goo) in order to utilize maxi- 
mum drag. A decrease in angle of attack would then generate lift or side 
forces to control the trajectory. After the vehicle has passed through the 



critical 
angle of 
landing. 

phases of reentry (high speed, high deceleration, and heating), the 
attack would be decreased further to allow the vehicle to glide to a 
(See ref. 1.) 

A configuration which might satisfy these conditions is a lenticular or 
ellipsoid shaped body. Since this type of vehicle could have both a low ratio 
of weight to drag and a large radius of curvature of the exposed surface at 
high angles of attack, a low total heat input would be anticipated. The lift- 
drag ratio at low angles of attack would most likely be sufficient for landing 
purposes. (See ref. 2.) 

This investigation was initiated to obtain the effects of thickness-chord 
ratio and body shape on the aerodynamic characteristics of two groups of basic 
(no controls) lifting reentry configurations. 
sections with the thickness-chord ratio varying from 0 . 3  to 0.9. 
a circular planform and the other group had an elliptic planform. 
tigation was conducted at a Mach number of 6. 
been conducted at subsonic, transonic, and supersonic Mach numbers and the 
results have been reported in references 2 to 11. 

The models had elliptic cross 
One group had 
The inves- 

Studies of similar shapes have 

SYMBOLS 

span of model, in. 

body axial-force coefficient, FA/cQ 

drag coefficient, D/%S 

lift coefficient, L / ~ S  

lift-curve slope, a~,laa 
pitching-moment coefficient, My/%Sc 

pitching-moment-curve slope, aCm/h 

body normal-force coefficient, F~/q,,,s 

maximum chord of model, in. 

center of gravity and moment reference center 

drag, lb 

axial force, lb 
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FN normal force, lb 

L lift, lb 

L/D lift-drag ratio 

MY pitching moment, in-lb 

free-stream dynamic pressure, lb/sq in. abs %, 

S planform area of model, sq in. 

t maximum thickness of model, in. 

t/c 

V volume of model, cu in. 

U angle of attack of model center line, deg 

cti 

thickness-chord ratio (see .fig. 2) 

angle between model center line and sting center line, deg 

Subscripts : 

IMx maximum 

min minimum 

APPARATUS, TESTS, AND MODELS 

Tunnel 

The investigation was conducted in the Langley 20--nc Mach 6 tunnel, 
which is of the intermittent or blowdown type, exhausting into the atmosphere. 
The tunnel can operate at stagnation pressures from about 7 to 37 atmospheres 
and stagnation temperatures up to 600° F. A more complete description of the 
tunnel is given in reference 12. 

Sting and Support System 

The tunnel has a gooseneck-type strut support system which operates in 
the horizontal plane with a strut-support angle-of -attack range from about -15O 
to 30'. 
minimum sting effects, two stings (straight sting and 30° bent sting) were used 
in conjunction with two model mounting positions as shown in figure 1. 
and sting positions are given in the following table: 

As a means of covering the complete model angle-of-attack range with 

Model 
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Angle-of-attack range, I deg 

-5 to 30 
25 to 60 

Sting angle, 
deg 

0 
30 (bent) 

0 
~ 

E 

Model position 
ai., deg 

0 
0 
90 

Tests 

The tests were conducted at a Mach number of 6 with a stagnation pressure 
of about 27.7 atmospheres and a free-stream Reynolds number of 7.96 x 10 6 per 
foot. 
ture sufficient to prevent liquefaction of the air. 
varied from -50 to 95O. 

Tunnel stagnation temperature,was maintained at about 400° F, a tempera- 
The model angle of attack 

Models 

The models were divided into two groups; one group consisted of five 
models which had lenticular shapes I( elliptic cross section and circular plan- 
form), and the second group consisted of five models which were three- 
dimensional ellipsoids (elliptic cross sections in all three axis planes). 
The thickness ratio t/c was varied from 0.3 to 0.9 for both groups. The 
planform area for all models was held constant at 24 square inches. The geo- 
metric characteristics of both groups of models and the model code system used 
are presented in figure 2. Photographs of the models are shown in figure 3. 

MEASUFWEXTCS AND ACCURACY 

Aerodynamic forces and moments were measured with a six-component strain- 
gage balance, which was located either internally or externally, depending on 
the model. The balance was shielded from the air flow at all times. The force 
and moment coefficients are referred to the body-axis system shown in figure 1; 
however, all data are presented about the stability axis system. For all 
models, the pitching-moment data are presented about each of two positions 
(40 and 50 percent of the maximum chord from the forward edge of the model). 
The axial-force coefficient has not been corrected for base pressure effects. 

Estimates of accuracy were made on the basis of calibrations and repeat- 
Measured quantities are considered accurate within the fol- ability of data. 

lowing limits: 

CA. . . . . . . . . . . . . . . . . . . . . . . . . . . . .  .+O.O14 
c, . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  ko.013 
cL. . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  ko.013 
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. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  kO.OOg 
c f l .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . +0.011 

The accuracy of angle of attack and of free-stream Mach number is estimated to 
be within m.10 and k0.02, respectively. 

RESULTS AND DISCUSSION 

The basic aerodynamic characteristics plotted against angle of attack are 

A l l  of the configu- 

No data were obtained 

presented in figure 4 for the elliptic-lenticular configurations and in fig- 
ure 5 for the three-dimensional ellipsoid configurations. 
rations except the ellipsoid model with thickness-chord ratio of 0.3 were 
tested at angles of attack from -5O to 95O (fig. 5(a)). 
for this configuration from 10' to 30' because of tunnel-wall interference. 
Figures 6, 7, and 8 are summary plots of the slopes and selected aerodynamic 
characteristics at low angles of attack (near a = goo, and at 
maximum lift-drag ratio for various thickness ratios. 
were taken at a between -5O and 5O and in figure 7 at a between 85' and 95'. 
Composite plots of the lift coefficient at maximum lift-drag ratio and the max- 
imum lift coefficient are presented in figure 9. The variations of both the 
maximum lift-drag ratio with a volumetric efficiency parameter and the lift 
coefficient at maximum lift-drag ratio with the same parameter are shown in 
figure 10. The volumetric efficiency parameter is based on the total volume 
to the 2 / 3  power (ref. 13) and the planform area, which remains the same for 
all configurations. 

a = Oo), at 
The slopes in figure 6 

Theoretical estimates of the variation of the aerodynamic characteristics 
with angle of attack are presented for comparison with the measured data in 
figure 4 for the elliptic-lenticular configurations. 
these theoretical curves are plotted in figures 6, 7, and 8 for comparison with 
the measured slopes. 
ence 14 was used to calculate these estimates. 
a normal shock was used in this method to obtain the maximum value of the pres- 
sure coefficient. In general, values obtained by use of modified Newtonian 
theory give a good indication of the trend of the experimental data for the 
elliptic-lenticular configurations. 

Slopes obtained from 

Modified Newtonian theory based on the method of refer- 
The stagnation pressure behind 

All configurations had a stable trim point at angles of attack between 80° 
and goo with the center of gravity located at 0.5~. When the center of gravity 
was moved forward to the 0.4~ position for the elliptic-lenticular configura- 
tions, the trim angle of attack was decreased. 
the trim angle of attack was 42' and as the thickness ratio was increased from 
0.3 to 0.9, the trim angle of attack increased to 50° and then decreased to 
about Oo. 
figuration, except that the initial increase in trim angle of attack with 
increasing thickness ratio was from 320 to 40°. 

For the 0.3-thickness ratio, 

A similar trend was noted for the three-dimensional ellipsoid con- 

(See figs. 4 and 5.) 

As expected, all configurations were unstable near a = Oo for the most 
rearward center-of-gravity location (0.5~). However, a forward movement of the 
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center of gravity to 0.4~ resulted in a stable condit.ion near for 
thickness ratios greater than about 0.72 for the elliptic-lenticular configu- 
rations and about 0.77 for the three-dimensional ellipsoid configurations. 
(See fig. 6.) The moment characteristics for a = 90' indicate that all 
configurations are stable for both center-of-gravity locations and that the 
configurations are less stable with increasing thickness ratio (fig. 7). 

a = 0' 

The drag coefficient at a = goo is decreasing with increasing thickness 
ratio rather than increasing as at 
the free-stream direction is decreasing. This trend was observed for both 
the elliptic-lenticular configurations and the three-dimensional ellipsoid 
configurations. 

The longitudinal aerodynamic parameters at maximum lift-drag ratio 
(fig. 8) show that the pitching moment and lift-curve slopes follow the same 
trends for both groups of configurations, that is, a decrease with increasing 
thickness ratio. The angle of attack at which maximum lift-drag ratio occurs 
is approximately the same for a given thickness ratio in each group. 

A comparison of the lift characteristics of both the elliptic-lenticular 
and the three-dimensional ellipsoid configurations indicates that the ellipsoid 
configurations have a higher maximum lift coefficient for either a given maxi- 
mum lift-drag ratio or for a given thickness ratio (fig. 9) .  A s  expected, the 
maximum lift-drag ratio decreases with increasing thickness ratio. The magni- 
tude of the maximum lift-drag ratios for the ellipsoid configurations are 
higher than those for the lenticular configurations for the same thickness 
ratio (fig. 9).  
lenticular configurations are slightly more efficient in that they have a 
higher maxi" lift-drag ratio for a given volume (fig. 10). 
configurations also have slightly more lift at maximum lift-drag ratio than 
the ellipsoid configuration for a given volume. 

a = Oo, since the amount of bluntness in 

From the standpoint of useful volume, however, the elliptic- 

The lenticular 

CONCLUSIONS 

The results of an investigation of two groups of lifting reentry configu- 
rations with lenticular and elliptic shapes and various thickness ratios indi- 
cate the following conclusions: 

1. In general, all configurations were statically unstable at angles of 
attack near 0' with the center of gravity at 50 percent of the maximum chord. 
A forward movement of the center of gravity to 40-percent chord results in a 
stable condition at Oo for thickness-chord ratios greater than about 0.72 
for the elliptic-lenticular configurations and about 0.77 for the three- 
dimensional ellipsoid configurations. 

2. All configurations are stable near an angle of attack of 90° for both 
center-of-gravity locations. However, the configurations are less stable with 
increasing thickness-chord ratio. 

3 .  The three-dimensional ellipsoid configurations have a higher maximum 
lift coefficient for either a given maximum lift-drag ratio or for a given 
thickness ratio. 
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4. From the standpoint of useful volume, the elliptic-lenticular configu- 
rations are slightly more efficient in that they have a higher m a x h m n  lift- 
drag ratio for a given volume. 

5. In general, values obtained by use of modified Newtonian theory give 
a good indication of the trend of the experimental data for the elliptic- 
lenticular configurations. 

Langley Research Center, 
National Aeronautics and Space Administration, 

Langley Station, Hanrpton, Va., October 15, 1964. 
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A i r f l o w  

ai = oo 

cN I 

ai = goo 

Figure 1.- Model mounting posi t ions and body-axis system. (Arrows indicate  posi t ive direct ions.  ) 



0.4c 
-1 

C 

Model t/c b c t 

L-EO 0.3 10.092 3.028 0.908 
L-E1 .5 7.818 3.908 1.954 
L-E2 .6 7.136 4.282 2.569 
L-E3 .7 6.608 4.624 3.237 
L-E4 .9 5.828 5.244 4.720 

(a) Three-dimensional ellipsoid models; 
t/c = c/b; (t/c)* = t/b. 

I- C 

Model t i c  c t 

L-LO 0.3 5.528 1.658 
L-L1 .5 5.528 2.764 
L-L2 .6 5.528 3.317 
L-L3 .7 5.528 3.870 
L-L4 .9 5.528 4.975 

(b) Elliptic-lenticular models; c/b = 1. 

Figure 2.- Geometric characteristics of models. (All dimensions are in inches unless otherwise noted.) 



I 

(a) mlipt ic -lent icdar models. ~-61-1228.1 

(b) Three-dimensional ellipsoid models. L-61-1229. 1 

Figure 3.- Photographs of model. 
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(a) L-LO (t/c = 0.3). 

Figure 4.- Aerodynamic characteristics of elliptic-lenticular models. 



.- , - 10 0 10 20 30 40 50 60 70 80 90 100 
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(b) L-Ll ( t / c  = 0.5). 

Figure 4.- Continued. 
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(c )  L - U  ( t / c  = 0.6). 

Figure 4.- Continued. 
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(d) L-L3 ( t / c  = 0.7). 

Figure 4.- Continued. 
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(e) EL& ( t / c  = 0.9). 

Figure 4.- Concluded. 
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(a) L-EO (t/c = 0.3).  

Figure 5.- Aerodynamic characteristics of three-dimensional ellipsoid models. 
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Figure 5.- Continued. 



( c )  L - ~ 2  (t/c = 0.6). 

Figure 5.- Continued. 
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(a) L-E3 (t/c = 0.7).  

Figure 5.- Continued. 
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(e) L-EA (t/c = 0.9). 

Figure 5.- Concluded. 
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(a) Uiptic-lenticuLar models. (b) Three-dimensional ellipsoid models. 

Figure 6.- Sunm~ary of longitudinal aerodynamic parameters at low angles of attack for all 
model-thickness ratios. 
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(a) Elliptic-lenticular models. 

3 4 5 .6 

t/r 
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(b) Three-dimensional ellipsoid models. 

,’ 
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Figure 7.- Summary of longitudinal aerodynamic parameters at an angle of attack of goo for 
all mdel-thickness ratios. 
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(a) Elliptic-lenticular models. (b) Three-dimensional ellipsoid models. 

Figure 8.- S~mmary of longitudinal aerodynamic parameters at maximum lift-drag ratio for all model-thickness ratios. 
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(a) Elliptic-lenticular models. 

(b) Three-dimensional ellipsoid models. 

Figure 9.- Comparison of lift coefficient at maximum lift-drag ratio with maximum lift 
coefficient for each model. 
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Figure 10.- Variation of maxi” lift-drag ratio and lift coefficient at maximum lift-drag 
ratio with a volumetric efficiency parameter. Elliptic-lenticular models are shown as 
open symbols and three-dimensional ellipsoid models are shown as solid symbols. 
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